Gibberella zeae Schwein.(Petch)], is one of the most destructive diseases of wheat (Triticum aestivum L.) worldwide. Numerous strategies for scab resistance breeding are in use, including phenotypic selection for low severity and marker-assisted selection for resistance QTL. The most destructive consequences of scab are evidenced through a reduction in grain quality, and the presence of mycotoxins, the most common of which is deoxynivalenol (DON). Thus, there is great interest among breeders in selecting for resistance to both of these traits. To this end, a study was devised as follows. In 2010, 20 bulk F 3 SRW wheat populations with scab resistant parents in their pedigrees were harvested by population from unreplicated plots near Lexington, KY. The plots were affected by a naturally occurring mild-moderate scab epidemic. The grain was sorted on a USDA/ARS and National Manufacturing Seed Sorter System with color camera according to a calibration that reflected visual differences between asymptomatic grain and grain showing FHB symptoms. This process was repeated in 2011 using grain from plots that had conidial suspension applied at anthesis. In 2012, an unreplicated plot study of the C 0 , C 1 and C 2 cycles of selection, inoculated with grain spawn and conidial suspension, was evaluated for Fusarium damaged kernels (FDK) and DON concentration. An additional cycle of selection was conducted by running the bulk grain through the sorter. In October 2012, 4 selection cycles of the 20 populations were planted in a RCB experiment at Lexington and Princeton, KY. Bulk populations were planted in both scab nursery and plots, and C 3 accepted and rejected of all populations and derived lines of 2 populations were planted in the scab nursery in Lexington, KY. Some populations had FDK and DON reduction with selection, and some derived lines had either numerical or significant reduction with selection. Although the accepted fraction had non-significant reduction compared with the rejected fraction over the populations, FDK and DON means were obviously lower in accepted than in rejected fractions.
Page 279 | http://qu.edu.iq/jouagr/index.php/QJAS/index and lowers the market grade because diseased kernel are light and shriveled (3) . Wheat and barley losses caused by FHB epidemics in the United States in the 1990s were an estimated $3 billion and ranked as the worst plant disease to hit the nation during the past seven decades (1) .
Host resistance is considered to be the most practical and effective strategy of controlling scab disease, although breeding has been hindered by the complexity of the resistance, a lack of effective resistant genes, and disease assessment difficulty and cost (4) . Multiple genes whose effects are greatly influenced by the environment are control to FHB (5, 6) . This complexity has made breeding of FHB resistance very difficult and time consuming (5) . Several different assessment methods have been used depending on types of resistance (7) .
Five resistance components have been characterized first by Mesterhazy, and each require different methods of assessment (7) : resistance to initial infection (type I), resistance to disease spread within spike (type II), resistance to kernel infection (type III), tolerance to Fusarium (IV), resistance to toxins (e.g. deoxynivalenol) (type V). Numerous strategies for scab resistance breeding are in use, including phenotypic selection for low severity (8, 9) and marker-assisted selection for resistance QTL The most destructive consequences of scab are evidenced through a reduction in grain quality, and the presence of mycotoxins, the most common of which is DON (10) . Thus, there is great interest among breeders in selecting for resistance to both of these traits. Direct assessment of FDK and DON is expensive and time consuming for both types of resistance (resistance to kernel infection and mycotoxin accumulations) (8, 13, 4) . The shortage of seeds in early generations makes it difficult to work with these two types of resistance (4) . Indirect methodologies of measurements of FDK have drawbacks: chaff symptoms might not reflect FDK percentage by measuring incidence and severity (7, 8, 9) . Taking notes in more than one location makes it difficult and evaluation would be personnel dependent (8) . Determination of the best time for symptoms measurement is difficult because the optimal time for each genotype is different, and environmental factors affect symptoms expression (8, 9) . Choosing random samples in an effective way for incidence and severity in each plot or head rows is also difficult (8) .
FDK measurement is a good way to assess FHB; it could be more efficient than chaff symptoms evaluation (8, 10) . Visual comparison and manual separation are two different ways of FDK evaluation (8, 9, 14) . Manual separation is a more effective way of FDK evaluation and mass selection than visual evaluation (8) . Mass selection is selecting the best individuals from the current population to form the next generation. It is one of the oldest plant breeding methods to enhance germplasm and develop improved cultivars (15) . It can be an effective plant-breeding tool for relatively high heritability traits. This breeding method increases frequencies of desirable genes (16) . For improving FHB resistance, breeders attempt to recombine different sources and types of resistance, while simultaneously selecting for FHB resistance and desirable agronomic performance. Most, if not all, have found genetic variability for FHB resistance in their existing germplasm. The level of resistance will increase in this adapted germplasm pool as programs actively screen for FHB resistance (4).
Breeders use phenotypic and genotypic selection for FHB resistance. Direct (ex, chemical concentration of DON) and indirect (ex, NIRFDK) methods of selection to differentiate healthy and infected plants and kernels are used as phenotypic selection criteria. One cycle of either direct or indirect simulated phenotypic selection was effective in reducing the DON level and enriching the population with lines homozygous at resistance QTL (10) .
For genotypic mass selection and FDK evaluation, several approaches could be used: digital image analysis (8, 17) , air separation (8, 10) , and near infrared reflectance (10, 18) . The objective of this study was to determine how effect is mass selection for FHB resistance using an image-based optical sorter manufactured by USDA / ARS, and National Manufacturing CO. Unselected populations (C 0 ) were compared with similar populations that had been selected between one and four cycles (C 0 -C 4 ). Another objective was to see the effectiveness of sorting by comparing the C 4 selected and rejected grain fraction of two methods in addition to the image-based sorter method, QJAS Al-Qadisiyah Journal For Agriculture Sciences ISSN: 2618-1479 Volume 9, No.2 ,(2019), PP 278-296 http://qu.edu.iq/jouagr/index.php/QJAS/index Page 280 | http://qu.edu.iq/jouagr/index.php/QJAS/index using LED and single kernel NIR sorters. Thirdly, lines were derived from C 0 and C 3 of two populations to compare genetic variation within populations and to assess the effect of selection on the magnitude of genetic variation with and without sorter selection.
II. Materials and Methods
Twenty sets of F 5 wheat populations from 2-and 3-way crosses among adapted parents were evaluated in this study in 2013 (Table A. 3.4) . Seeds of these populations from different cycles of selection were planted in 2 years (2012 and 2013), with two replications at two locations in 2013 (Lexington and Princeton, KY). The 20 populations were planted in non-replicated plots in 2012 at one location, Lexington, KY , and also in the irrigated, inoculated FHB nursery in 2013. (19, 20, 21, 22) .
The grain used for this study was sorted on a USDA/ARS and National Manufacturing Seed Sorter System with color camera according to a calibration that reflected visual differences between asymptomatic grain and grain showing FHB symptoms. Calibrations for the image-based optical sorter, done each year depending on the environment and the severity of disease, was done by Dr. David Van Sanford and Dr. Anthony Clark. After calibration, the device was used for mass selection and/ or sorting. The components of the device are: color camera, air compressor, three air guns that can be adjusted up and down, vibrating grain bar that is underneath an input grain container, and two other containers for the output (one for the asymptomatic grains and the other for symptomatic kernels). It has a control panel that has a system and camera on / off switch and also has a dial that is used to increase and decrease the vibrations, and that results in an increase / decrease in the speed of the selecting and sorting process (15-g sample takes 45 seconds to be sorted on the medium vibrated speed). After putting a sample in the input container, kernels drop down from a small hole at the bottom and onto the vibrating bar. The vibrating bar shakes the kernels until they reach the other end of it; they then drop down and are expose to the camera. The system analyzes the image and directs the three air guns to shoot the symptomatic kernels to be sorted and collected in the scabby container, and the healthy looking kernels continue falling down to the healthy container.
Seeds from unselected population (C 0 ) and seeds from three cycles of selection (C 1 , C 2 , C 3 ) were grown in 6 row, 3-meter long plots at both LEX and PRN in 2013 in RCB experiment with two replications.
For the scab nursery bulk experiment, seeds of the C 0 , C 1 , and C 2 of each population with the same calibration above were planted in the scab nursery in addition to C 3 seeds that came from a selection scheme using three different kinds of sorters. C 3 seeds of the two-sorted fractions were planted separately. Accepted and rejected C 3 seeds sorted by the image-based sorter, accepted and rejected C 3 seeds sorted by an LED sorter, and accepted and rejected C 3 seeds sorted by a Single Kernel Near Infrared Reflectance (SKNIR) sorter were planted. These seeds were planted in rows 1.2 meters long and 30 centimeters apart in the nursery. The scab nursery was irrigated with an overhead mist irrigation system that works automatically 15 times a night for 5 minutes each to provide favorable disease conditions from 8:00 pm to 8:30 am. The system operated from 8:00pm to 8:00am, beginning 22 April 2013 prior to heading. The irrigation system switched off from 25 April to 1 May 2013 because plants were very wet and the humidity level was high. Two populations of the 20 were chosen for a derived line experiment based on their performance in the 2012 non-replicated plot experiment. These populations were population number 1 (KY07C-1056; KY93C-0004-22-1/25R37//VA05W-517), and population number 17 (KY07C-1347; Truman/IL99-15867//VA03W-409). For each population, seeds of lines derived from 30 plants in the unselected base population (C 0 ) and the (C 2 ) were planted in the scab nursery in head rows.
III. Disease Inoculation
The two scab nursery experiments and both plot locations in 2013 were inoculated with scabby corn (Zea mays L.) (10) . A number of isolates of Fusarium graminearum taken from scabby wheat seed collected from 2010 to 2013 in multiple locations across Kentucky were used for inoculation. Corn was spread on plastic sheets and set to imbibe water on 13 March 2013 before autoclaving. After autoclaving on 14 March 2013, PDA plugs of F. graminerium were mixed with 0.2-gram streptomycin in 50 ml sterile water and applied to the corn on 15 March 2013 at room temperature until corn was fully colonized by the fungus. Colonization took about three weeks. Scabby corn was stored in a freezer after being placed in mesh bags.
Inoculum was spread prior to heading between the scab nursery rows of a rate of about 11.86 g m 2 on 15 April 2013. On 9 April 2013 the non irrigated plots were inoculated with a corn mixture of a 35.4 gm -2 within each plot at PRN and on 16 April 2013 at LEX.
IV. Field disease evaluations A. Lexington scab nursery
Daily heading notes were taken in the scab nursery for both experiments (derived line and bulk). Head rows that headed first were scored for disease first. Heading took place between 11 May and 27 May 2013. Disease incidence was calculated as the number of visually infected spikes divided by the total number of observed spikes per head row (20 heads per row). Disease severity assessment was done by counting the number of visually infected spikelets and dividing it by the total number of spikelets in ten randomly chosen heads from each row. Along with taking incidence and severity, rating was taken as well by visually estimating the proportion of scabby heads on a scale from 0 to 9 (9 means all heads in that head row showed FHB symptoms). The scoring was occurred 24 days after heading date. Height (cm) during the seed-filling period was recorded.
B. Lexington and Princeton plots
Daily heading notes were taken in the field in both locations for the six-row plots. Plant heading date took place between 18 April and 29 April 2012 and 11 May and 17 May 2013 for LEX experiment plots, and 4 May and 17 May 2013 for PRN experiment plots. The readings were taken 24 days after the heading date in 2013 and after 28 days in 2012. Disease incidence, severity and rating were not scored for the 2013 Princeton plots, but they were scored in the Lexington plots in both years. FHB incidence was calculated as the number of visually infected spikes divided by the total number of chosen spikes from each plot (on a basis of 50 heads per plot in 2013 and 100 heads per plot in 2012). Disease severity was estimated by dividing the number of visually infected spikelets by the total number of spikelets in 10 randomly chosen heads (30 randomly chosen spikelets for 2012 severity). Height (inch) of two plants per plot during the seed-filling period was recorded and averaged in both locations, and plot length (inch) was recorded as well.
C. Harvesting, cleaning, and sampling
The six-row plots were harvested with a small plot combine with a minimum of forced air to minimize light seed loss at harvest maturity stage. Plot yields were carefully cleaned manually with a minimum of forced air for the same reason. Containers that hold approximately fifteen-grams of grain were used for taking samples from each plot yield for FDK and DON assessment in 2012 and 2013. The scab nursery was harvested by sickling the 1.2-meter long rows using hand sickles and banding each row by it-self (above ground plants were cut). Threshing of the sickled head rows was done in a few days after harvest. They were threshed by a small thresher with a minimum of forced air to minimize light seed loss (tombstones), which was designed for this reason. Plot and scab nursery yields were cleaned using a cleaning machine.
D. FDK and DON Assessment
FDK (%) was visually estimated for each sample (approximately 15 g) of the 2013 materials (including scab nursery kernels of both the derived line and bulk experiments, and Lexington and Princeton plots kernel samples). Some derived line samples weighed less than 15 g, but that did not affect the test since it had a proportion of FDK in the sample. The same samples were run into an air-separation machine specifically developed from a Precision Machine head thresher and a Shop-Vac vacuum to separate infected kernels from healthy kernels in 2012 and 2013 (Agostinelli, 2009 ). The FDK evaluation took around 50 seconds per sample, and the net time that seeds were run into the machine by exposing them to the air was 10 seconds. Two fractions from each sample using this machine were obtained. The lighter portion of wheat (estimated as scabby kernels) was weighed, and mixed with the heavier portion of wheat (estimated as healthy kernels) and weighed again to get the total weight of each sample. Visual estimation of FDK was scored for the light portion to have an adjusted weight of the scabby portion. Visual estimation of the scabby fraction was taken to make an adjustment for the scabby weight because in some samples researchers observed some asymptomatic grains. This adjustment was not made because of the differences between symptomatic and asymptomatic weight, but because of the differences between the size and the weight of different varieties, in which some asymptotic kernel varieties weighed more or less than others of the same size. Data was entered into a Microsoft Excel (2007) spreadsheet that was used to calculate FDK proportion for each sample using the following formulas:
FDK (%) = ( SSW / TSW ) * 100
For adjusted FDK after multiplying the light portion by visual proportion the formula was:
FDK_ADJ (%) = ( SW / TW ) * 100
Where: SSW = Scabby seed weight (g) TSW = Total seed weight (g) SW = Adjusted scabby seed weight (g) For deoxynivalenol (DON) measurement, the same (15 g) samples of both scab nursery experiments (derived line and bulk) were sent in coin envelopes to the University of Minnesota DON testing Lab for DON analysis. DON concentration (ppm) was measured by gas chromatography with mass spectrometry (GC-MS) according to (Agostinelli, 2009 ). Fusarium damaged kernels in 2012 were assessed by air machine separation, visual estimate, near infrared reflectance (NIR), and image-based optical sorter.
E. Statistical analysis
FHB and agronomic traits were estimated on an entry mean basis using the following model 
V. Results and discussion A. 2012 Data
This data presents significant differences among genotypes ( Table 1) . We expected to see a difference in the selection cycle means for FDK and DON. However, The ANOVA for all variables across all populations showed no evidence to support this idea ( Table 2 ). With this in mind, some populations show non-statistically significant reduction with selection (eg, population 1 and 11; Figures 1 and 2 ). However, it is important to note that the power of this test was small due to lack of replication in 2012.
ANOVA of DON and FDK response to selection. It appears that for Cycle (C 0 ) that (DON ppm) and FDK (measured by optical sorter) did not have a statistically significant relationship at an alpha level of 0.05, but Cycles (C 1 ) and (C 2 ) are significantly different at P ≤ 0.05. In cycles (C 0 ) and (C 1 ) the optical sorter FDK and air separation FDK did not have a statistically significant relationship at an alpha level of 0.05, but (C 2 ) did; and the same was true for the NIRFDK. The rating did not have a statistically significant relationship for the three cycles.
Don reduction with cycles of selection from (C 0 , C 1 , C 2 ) varied among the twenty populations according to the image-based optical sorter. Although in most of the populations there was no significant (P ≤ 0.05) effect of selection (FDK and DON reduction), in some populations there was a reduction in FDK (%) and DON (ppm) from cycle to cycle of mass selection. For example, population 1 and 11 had negative non-statistically significant relationship between cycles and DON (P-value= 0.1888 and 0.1789 respectively) ( Figures 1 and 1) , while populations 14 and 10 had a very strong positive linear relationship (P-value <.0001, 0.0245 respectively) ( Figure  3 ). Populations 6 and 17 had a slight positive relationship (P-value= 0.1210 and 0.1789 respectively) ( Figure 4) .
B. 2013 Data 1. Effect of Selection on Bulk Population
Over the twenty populations tested, it appears that the image-based optical sorter effectively provided a better way to select for reduced FDK. Even though, there was no significant FDK reduction with selection (C 0 , C 1 , C 2 , C 3 ) (Table 4 .3 and 4.4), cycle means shows a slight reduction when the 20 populations treated as one set of populations (Table 12 ). Significant differences among genotypes were observed (Table 3) Some genotypes had numerical and some others had significant reduction P ≤ 0. (Table 5 ). Population 20 and 11, for example, had an FDK reduction from one selection cycle to the next in all locations ( Table 5 ). In the same way, Populations 6, 9, 11, 15, 17 19 , and 20 had DON reduction with selection ( Table 6 ). This result is consistent with the ISSN: 2618-1479 Volume 9, No.2 ,(2019) Except for populations 1 and 4, all populations were significantly different among the three locations at P ≤ 0.01 (Table 7 ). Different environments had significantly different levels of FDK. For example Figure 4 .1 presents FDK in the three locations, which was lower in PRN and significantly higher in LEX, and for the scab nursery was significantly higher than other locations. The grand mean of FDK at PRN was 9.0 and 14.7 at LEX and 19.9 in the scab nursery (table 13) .
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The cycle C 3 cycle of selection was based on the 2012 calibration and 2012 plots. The 2012 scab plots had a very low level of scab, which probably due to the dry weather. The calibration used that year was different from the 2011(C 2 ) and 2010 (C 1 ) ones and was based on less scabby grain from 2012. Data from the C 0 , C 1 , C 2 from 2013 shown in Tables 4.5 and 4.6. Some populations had significant FDK reduction, population 9 for example ( Figure 6 ).
C4 Accepted and Rejected
The accepted and rejected C 3 fractions that were sorted by the single kernel near infrared reflectance sorter (SKNIR) had highly significant differences ( Table 8 ). The difference was significant at P ≤ 0.01 for all FHB traits (eg, FDK and DON). Table A.4.3 presents means of FHB traits of each set of accepted and rejected. It is obvious that the means of FDK and DON were higher in the rejected fraction. Mass selection, using an LED sorter presented no significant differences between the two C 3 fractions at 0.05 level of significance (Table 9 ). Heading date and FHB rating were significantly different between accepted and rejected fractions that were separated by an imagebased optical sorter (Table 10) , and other traits had an FDK and DON reduction according to their cycle means (e.g. severity). Other FHB traits, FDK and DON for example, present non-significant differences between the two fractions, but there are numerical FDK and DON reduction due to selection using optical sorter. The accepted fractions had a lower FDK and DON mean (Table 11 ).
There were significant differences among the 20 populations for all of the three sorters above. FDK, significantly different between accepted and rejected fractions for populations 11, 14, 17 , and 20 at P ≤ 0.05 significant level bases on SKNIR, and other populations were very close to significantly different (Table 14) . Although accepted and rejected fractions were sorted on 2012 calibration using an image-based optical sorter, which based on 2012 plots that had low FDK (%) and DON (ppm) because that year was dry, the accepted fraction was lower in FDK and DON non significantly compared with the rejected fraction (Table 11) .
Conclusion
Overall, based on the experiments that were done in this study, the image-based optical sorter made numerical progress in FDK and DON reduction for some populations from one selection cycle to the next. Some genotypes responded to selection more than others, for example, population 20 and 11 had FDK and DON reduction with selection at all locations that were tested in this experiment. When the C 3, which was selected based on 2012, and that year was dry, and FDK (%) was low because of that), more populations showed reduction in FDK and DON over all locations. Population 9 had significant FDK reduction in these three cycles in the scab nursery. Accepted and rejected fractions from SKNIR instrument were different, and lower FDK and DON means for the accepted, although sorting was also based on the 2012 calibration. This device could accelerate reduction in FDK and DON, and be a useful tool for mass selection and breeding programs. ISSN: 2618-1479 Volume 9, No.2 ,(2019) ISSN: 2618-1479 Volume 9, No.2 ,(2019) , PP 278-296 http://qu.edu.iq/jouagr/index.php/QJAS/index Page 286 | http://qu.edu.iq/jouagr/index.php/QJAS/index Table 3 : ANOVA of selection cycles C 0 , C 1 , C 2 , C 3 using an imaged-based optical sorter. The kernel damage was assessed by visual estimate (FDK_VST), FDK proportion of air separation machine with visually adjusted scabby portion (FDK_ADJ), air separation machine (FDK_AIR). Other traits were heading date (HD), plant height (HT), DON, severity (SEV), incidence (INC), FHB index, and rating. * P-value ≤ 0.05 ISSN: 2618-1479 Volume 9, No.2 ,(2019) 
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